Abstract -The karyotypes of six species of Phaseolus were analyzed. The chromosome complements consist exclusively of metacentric and submetacentrics, their size ranging from 0.70 µm in P. microcarpus to 1.60 µm in P. coccineus. A suggested path of karyologic change is through an increment in the chromatin's total length. Based upon their karyotypic formula and centromeric index, Phaseolus xanthotrichus is considered the most evolved species, and P. microcarpus the least advanced.
INTRODUCTION
Phaseolus L. is an American group with approximately 75 species, grouped in 15 sections (Freytag and Debouck 2002) , that are distributed in tropical and temperate regions of the New World, from southeastern Canada to northern Argentina. More 90% of the species occur in Mexico from sea level to 3000 m (MercaDo-ruaro et al. 2009 ). While inhabiting a broad range of vegetation types, they are more frequent in oak forests (DelgaDo-SalinaS 1985) . It is the most economically important genus in subtribe Phaseolinae of the New World, where Mexico probably is the center of origin and diversification (DelgaDoSalinaS, 1985) . The cultivated species are five: P. coccineus, P. vulgaris, P. lunatus, P. acutifolius and P. polyanthus (Debouck 2000; MercaDo-ruaro and DelgaDo-SalinaS 2000) . Even though it is a very economically important group, being a protein source in tropical, subtropical and temperate regions of the world, few cytogenetic studies on the wild species exist (MercaDo-ruaro and DelgaDo-SalinaS 1998; 2000) , most studies focusing on determination of chromosome numbers, few focusing on karyotypic analyses and their taxonomic and/or evolutionary significance. The chromosome number is 2n=22 in 29 taxa and 2n=20 in only three species of section Falcati (Freytag and Debouck 2002) or Leptostachyus group (DelgaDo-SalinaS et al. 2006) . Due to the potential importance in transferring desirable traits of the wild species into the cultivated ones (Hucl and ScoleS 1985; MercaDo-ruaro and DelgaDo-SalinaS 1998; 2000) , the aim of carrying out cytogenetic studies in Phaseolus is to record the variation of the karyotype in these wild species and, when possible, to correlate this information with other studies, in order to suggest the possible karyotypic evolution, as well as for supporting taxonomic studies in the genus.
MATERIALS AND METHODS
Mitotic chromosomes were studied in root meristematic cells. Root tips of 1-2 cm of emergent primary roots were excised and pre-treated in 0.002 mol/l 8-hydroxyquinoline at 18 0 C for 5 h in total darkness, fixed in Farmer's solution (3:1 ethanol-acetic acid) for 24 h, rinsed in distilled water, hydrolyzed in 1 mol/l HCl at 60 0 C for 12 min, and stained with Feulgen for 1 h in total dark-ness. Squashes were made with 1% aceto-orcein. Permanent slides were obtained following conger and FaircHilD'S (1953) dry ice method, and deposited in the slide collection of Laboratorio de Fanerogamia (IBUNAM). Photomicrographs were made in a Zeiss Axioscope Photomicroscope with a Contax camera; measurements were made from photographs of metaphase plates. No less than five cells per individual and five plants per species were examined under the microscope. Karyotypes were described following the classification and nomenclature of levan et al. (1964) . Fundamental number (f.n.) and symmetry indices were calculated according to MattHey (1945) and Huziwara (1962) respectively.
RESULTS

Previous chromosome analyses in wild species
of Phaseolus (MercaDo-ruaro and DelgaDoSalinaS 1998) and the present ones confirm the small size of the chromosomes, ranging from 0.70 to 2.36 µm in length. All the species so far analyzed, except P. pauciflorus, present a pair of chromosomes with secondary constriction. A constant feature of all the taxa studied is that the karyotypes show only metacentric and submetacentric chromosomes (Table 1, Figure 1 ). However, there are karyotypic differences between taxa and are herein described: P. coccineus L. (Sect. Coccinei) 2n=22 (Table 1, Figure 1a ) presents ten pairs of metacentric and one pair of submetacentric chromosomes; secondary constrictions are present in one metacentric pair and one submetacentric chromosome pair. The fundamental number (f.n.) is 22, with a total chromatin length of 29.74 µm. The chromosome sizes vary from 1.07 to 1.60 µm. The symmetry index is 42.04. P. maculatus Scheele (Sect. Coriacei) 2n=22 (Table 1, Figure 1b ) presents ten metacentric and one pair of submetacentric chromosomes, the latter with secondary constriction. The f.n. is 22, with a total chromatin length of 26.00 µm. The chromosome sizes vary from 0.97 to 1.37 µm. The symmetry index is 42.81. P. microcarpus Mart. (incertae sedis) 2n=22 (Table 1, Figure 1c ) presents 11 pairs of metacentric chromosomes, one pair bearing a secondary constriction. The f.n. is 22, with a total chromatin length of 19.81 µm. The chromosome sizes vary from 0.70 to 1.13 µm, the lowest values recorded for all studied taxa. The symmetry index is 46.04, the highest for all species analyzed. P. oligospermus Piper (Sect. Brevilegumeni) 2n=22 (Table 1, Figure 1d ) presents ten pairs of metacentric and one pair of submetacentric chromosomes, with a secondary constriction in one pair of the metacentric chromosomes. The f.n. is 22, with a total chromatin length of 28.64 µm. The chromosome sizes range from 1.1 to 1.54 µm. The symmetry index is 41.86. P. dumosus Macfady (Sect. Phaseoli) 2n=22 (Table 1, Figure 1e ) presents ten pairs of metacentric and one pair of submetacentric chromosomes, and two pairs of metacentric chromosomes with secondary constriction. The f.n. is 22, with a total chromatin length of 27.66 µm. The sizes of chromosomes range from 0.99 to 1.56 µm. The symmetry index is 42.60. P. xanthotrichus (Sect. Xanthotricha) Piper 2n=22 (Table 1, Figure 1f ) presents nine pairs of metacentric and two pairs of submetacentric chromosomes. Secondary constrictions are present in one pair of the submetacentric chromosomes. The f.n. is 22, with a total chromatin length of 23.32 µm. The symmetry index is 39.45, the lowest for the six species analyzed. 
DISCUSSION
According to the present study and previous chromosomes reports, the basic number in 30 species of Phaseolus is x=11, existing until now only three species with a secondary basic number of x=10 (MercaDo-ruaro and DelgaDo-SalinaS 1998), all three from section Falcati (Freytag and Debouck 2002) . Nearly all the genera of tribe Phaseoleae have a chromosome number of 2n=22 (kriSHnan et al. 2001) .
With the exception of P. microcarpus, in which all chromosomes are metacentric, all species presented karyotypes constituted by metacentric and submetacentric chromosomes; the presence of subtelocentric chromosomes is not common in the group as MercaDo-ruaro and DelgaDo-SalinaS (1998) already pointed out. However Mekki et al. (2007) in a cytogenetic study in 9 genotypes of P. vulgaris, reported karyotypes constituted by 3sm + 8st for all 9 genotypes, something atypical that has not been found again up to the present time. The same authors found wide intraspecific variation concerning the total length of the chromosomes and nuclear DNA content between the genotypes analyzed. In the present study, neither intraspecific variation nor asymmetrical karyotypes such as those reported by Mekki et al. (2007) were found.
From the six species analyzed here, and according to SarbHoy (1980), P. microcarpus results basal with 11 metacentric chromosomes and a total chromosome length smaller than that reported for P. filiformis (MercaDo-ruaro and DelgaDoSalinaS 1998).
These results support the findings of Delga- Do-SalinaS et al. (1999) who, in a phylogenetic analysis combining molecular sequence of ITS and morphologic data, obtain a strict consensus tree where P. microcarpus is basal.
As previously mentioned (Hucl and ScoleS 1985; MercaDo-ruaro and DelgaDo-SalinaS 1998; zHeng et al. 1991) , the chromosomes in the genus are very small, as the present study confirms. In P. microcarpus, a chromosome pair measured 0.70 µm in length, the smallest recorded within the species analyzed and previous reports of MercaDo-ruaro and DelgaDo-SalinaS (1998), coinciding with the karyotype of this species being the most symmetric, presenting exclusively metacentric chromosomes. All the fundamental numbers were the same (f.n.=22) as the diploid chromosome numbers of the species (2n=22), bearing out MercaDo-ruaro and DelgaDo-SalinaS's (1998) suggestion that pericentric inversions or large unequal translocations have not been involved in the karyotypic evolution of the genus. Following lewitSky (1931), P. xanthotrichus is the most evolved species, with a symmetry index of 39.45, whereas P. microcarpus is the least evolved, with a symmetry index of 46.04. It is interesting that P. microcarpus, as well as P. filiformis (MercaDo-ruaro and DelgaDo-SalinaS 1998), present a small total chromatin length and a high symmetry index, this condition probably indicates that, in Phaseolus, the evolutionary trend is towards an increment in total chromatin length, although SarbHoy (1977 SarbHoy ( , 1980 ) considers a small chromosome length an advanced trait. Another possible explanation, already put forth by MercaDo-ruaro and DelgaDo-SalinaS (1998), could be an asynchrony between the different evolutionary trends. Since only 25% of the species have been analyzed, much more information is needed to suggest upon a firmer basis the evolutionary pathway or pathways in the karyotype of Phaseolus.
